Oscillatory movements present in the transport of live fish may compromise the physiological stability and the future performance of the animals. Therefore, the objective of this research was to evaluate the effect of mechanical vibrations in the transport of Nile tilapia through vibration levels and shocks occurred in transport boxes previously installed in a truck. The research was carried out in a fish farming integrating company in the state of Ceará, Brazil, with the monitoring of 5 live fish loads. The transport truck used was of the open type, with capacity for five boxes of fiberglass with a useful volume of 2400 L, density of 236 kg m -3 . The data were recorded through five dataloggers, to monitor the vibration level (m s -2 ) and the occurrence and amplitude of mechanical shocks on the roads. Hematological, metabolic and ionic responses of fish were evaluated as well as visual observations of physical injuries. The most intense shocks occurred with the truck between 60 and 80 km h -1 , with vibrations 1.151 m s -2 in the transport box, as well as in the water 0.489 m s -2 . Larger vibration levels occurred on the asphalt road, with an average value of 1.13 m s -2 , while on the dirt road they registered an average of 0.57 m s -2 . Vibratory and mechanical stimuli presented secondary responses to blood level stress with alterations in glycemia, hematocrit, hemoglobin and magnesium ions. Physical lesions with 34% severe and 21% moderate, showed an uncomfortable environmental condition to fish.
Introduction
The world production of animal protein has been steadily increasing, as well as consumer demands for products that meet their needs and desires (FAO, 2018) . One of the main sources of protein in the world is supplied by aquaculture. Fish handling procedures in aquaculture, such as capture, handling and transport, are often traumatic and may cause serious physiological and biochemical reactions. The direct effects of stress are those that influence the organism of the fish, altering physiological functions, hormones or cellular mechanisms. However, the indirect effects act at the population level, affecting the trophic relationships in the productive environment (Alves et al., 2016; Goes et al., 2018) .
The stress response corresponds to a series of physiological changes. The effects are divided into primary, secondary and tertiary, characterized by increases in catecholamines, adrenaline and noradrenaline, and corticosteroids in plasma, changes in blood glucose, lactic acid, hepatic and muscle glycogen, the declines in productive and reproductive performance and resistance to diseases, respectively (Navarro et al., 2017 iables Analyzed monitored thro g an average in anesthetized w The evaluate y insertion in gy described b the caudal ves lucose concen m ions were ana 00 μl, for labor puscular volu concentration ocytes was co Chemical, Bro n the propo method, with t or colorimetric by the microh sured by the G (Jain, 1986 ore and after t llenge of mech Vol. 11, No. 17;  .6 in width an was with para adopted in thi eft side to the r gers were attac hipping carton r a minimum o according to V entially numb the 6th dorsal of blood/fish -1 oagulant, with digital meter. inserted into a ), erythrocyte c HCM) (μg); m ocrit (% Alvarenga and Volpato (1995) and Mueller et al. (2017) . The severity of the lesions was distinguished in four categories: no lesions, low lesion (lesion in the caudal, dorsal, ventral and pectoral fin), moderate lesion (jumping eyes, abnormal color eyes and loose scales) and severe injury and with visible parasites). To register the severity of the different lesions, the fish body was subdivided into distinct anatomical sections: caudal, dorsal, ventral and pectoral fins (left and right sides respectively), including the eyes and identification of parasites throughout the fish body. Fungal and parasitic infections were evaluated first, followed by the presence and intensity of different types of lesions in different parts of the body. The intensity of the trauma was visually estimated by one person, while a second person recorded all the information in the protocol. In this study, the visual estimation of lesions in the field following the proposed protocol took an average of 2 minutes per fish to evaluate all parts of the body and types of lesions. To evaluate injuries in fish were placed individually alive and not euthanized in a transparent plastic box, 40 L, with water from the Curral Velho reservoir, Morada Nova municipality, Ceará, Brazil. All the technical investigators were trained or trained previously by a detailed training exercise on the use of the protocol, using the score sheet (Table 1) . Skin lesion between fine rays. Wounds can range from small cuts between fine rays and fully cracked fins.
Skipped eyes
Exophthalmic, visible extension of eyes, swollen eyes.
Eyes with abnormal coloring Change in normal pigmentation of the eyes, usually visible, such as partial or total opacity of the lens or dark coloration.
Injured eyes
Lesions in the eyes reaching from small abrasions to deeper wounds with lesion of the eye tissue.
Loose scales Any part of the body with loose scales.
With visible parasites Parasites visible externally (e.g., lichens, cilia, arthropods) or other visible indicators of parasites (e.g., white or black spots) on the skin, fins, gills and eyes.
Source: Adapted from Mueller et al. (2017) .
Classification of Intensity of Mechanical Schocks
We present the data collected by RMS value, average, maximum and minimum. The RMS (Root Mean Square) value or effective value is a statistical measure of the magnitude of the measured signal, for example that of vibration. Mathematically, it is expressed by:
(1)
where, x n is the set containing the measured data; x RMS is the unique value representing a series of samples equally spaced in time; N is the size of the data set.
From the RMS value on the three axes, we can calculate the resulting value by applying the square root of the sum of squares on each axis, Equation 2:
Statistical Evaluation
The analyzes of the water, hematological and metabolic parameters of the fish before and after the vibratory stimulus and mechanical shocks during transportation were carried out using the software Bioestat 5.3. Initially the Kolmogorov-Smirnov test was applied to test the normality of the values obtained. Afterwards, the data were submitted to Analysis of Variance (ANOVA). When the value of F indicated a significant difference (p < 0.05), the means were compared by the Tukey test. The results are presented as means±standard deviation in all analyzes.
Results
Of the fish followed during this research, after transport, one died, and another fish was not evaluated due to the detachment of the marking on the fin. In total, twenty-eight fish evaluated, with average weight (g) and average length (cm), respectively, were 1100 g and 37 cm. Mean temperature was obtained before and after, respectively 26.7 °C and 24.9 °C. The mean dissolved oxygen rate of 11.5 mg L -1 and 8.7 mg L -1 e o pH between 7.28 and 5.40, before and after transportation, reciprocally. The highest concentration of toxic ammonia (NH 3 ) recorded in the water analysis before and after, was mutually 0.12 mg L -1 and 0.07 mg L -1 .
In all 28 samples analyzed, lesions in the caudal fins (35%) and eyes with abnormal coloration (25%) were the most frequently observed types of lesions, followed by head injuries (21%), loose scales (6%) and eyes (3%) ( Table 2) . Regarding the metabolic and hematological responses, we observed a significant reduction in hematocrit, magnesium ions, as well as hemoglobin content (HCM), p < 0.05. On the other hand, post-challenge stress led to a significant increase in total mean corpuscular volume (MCV) and plasma glucose levels (p < 0.05) (Table 3) . 
Discussion
Regarding the limnological parameters, only the pH was found in an uncomfortable range for fish, according to Boyd and Tucker (1998) , but not lethal. Tilapia withstand well pH between 5 and 9, below and above these values, have low survival and lower developmental rates (Barbosa, 2007) . The decrease in pH was already expected due to the respiration of the fish, resulting in the release of CO 2 and consequent acidification of the environment (Moreira et al., 2015) . There was no statistical difference between treatments (transport box before and after) (p > 0.05) throughout the experimental period. Although aggressive interactions are part of the fish's natural behavior and are constant and intense, such interactions can cause serious damage, increase energy expenditure and cause animals to suffer from social stress. Despite these behavioral variations, all cichlid species, especially Nile tilapia, a territorial species, are marked by aggressions (mouth/mouth bites, mouth/side, mouth/tail) and by signs such as threats and other exhibits (Wolff & Donatti, 2016; Gonçalves-de-Freitas et al., 2019) .
It was observed that 21% of the samples had severe lesions in the integuments and 34% had moderate lesions. Barreto et al. (2015) , found a similar result for Nile tilapia, a Thai strain, in which fish presented increased lesions and loss of scales when grouped according to their size. There are also incidental traumatic events that significantly reduce the survival capacity of the fish. In this way, a mechanical shock of a fish against a hard surface can traumatize various parts of its body (Texeira Filho, 1991) . The analysis of similarity of the lesions is extremely relevant to verify which are the alterations that have some type of relation between them according to the degree of severity and with the environmental characteristics (Oliveira et al., 2016) . Pigment abnormalities can cause physical damage and fish mortality. This can also result from the severe loss of body protection against infections, and reduced swimming performance (Vernerey & Barthelat, 2010; Noble et al., 2012 , Dastjerdi & Barthelat, 2015 .
In the present study, the effect of glycemic index on the glycemic index of the fish in the diet was significantly higher than in the control group. Thus, the increase in the glycemic values of the fish exposed to the proposed challenge may have occurred by the stimulation of the catecholamines, mobilizing the increase to glycogenolysis, in order to generate energy for a fast action of the animals to a stressor agent (Moreira et al., 2011) . In the present study, the effect of glycemic index on the glycemic index of the fish in the diet was significantly higher than in the control group. Thus, the increase in the glycemic values of the fish exposed to the proposed challenge may have occurred by the stimulation of the catecholamines, mobilizing the increase to glycogenolysis, in order to generate energy for a fast action of the animals to a stressor agent (Moreira et al., 2011) . In the present study, plasma glucose fluctuated after transient vibration from 75.57 to 95.53 mg dL -1 , within the range previously reported for Nile tilapia, from 45 to 130 mg dL -1 (Gonçaves- de-Freitas et al., 2019; Keller-Costa et al., 2015; Volpato & Fernandes, 1994) , and for other species, from 40 to 110 mg dL -1 (Damsgard & Huntingford, 2002) . However, the higher the concentration of this sugar in the blood, the greater the stressful condition of the animal (Eslamloo et al., 2014) . Glucose elevation was also observed in tilapia after fish were submitted to other stressors (Moreira et al., 2015; Navarro et al., 2016) .
Post-transport hyperglycemia results in part by the stimulation of catecholamine glycogenolysis to meet the increasing demands of energy in response to stress. In addition, catecholamines work to regulate some cardiovascular and respiratory functions, including increased blood flow, gill permeability, and lamellar recruitment. The resulting increase in gas exchange also increases gill permeability to water and some ions. This may be manifested as water gain and loss of blood ions from freshwater fish and as water loss and influx of ions to marine fish. However, for this osmoregulation to occur, it is necessary to increase energy consumption by the fish. In order to control energy expended with osmoregulation, tilapias mobilize energy reserves and direct them to other functions of the organism (Rodrigues et al., 2018; Portz, Woodley & Cech Junior, 2006) . Osmoregulatory disorders can be stress-induced. The ionic regulation, maintaining the concentrations of the fluids in certain limits, can be used as a measure of stress, the extrapolation of these limits being a stressful situation (Moreira et al., 2015) . In teleosts, electrolyte levels may vary with species and environment. For fish cultured in tropical climate, plasma magnesium levels are approximately 0.5 to 2.8 mmol L -1 and chloride of 58.0 to 193.0 mmol L -1 (Tavares-Dias, Bozzo, Sandrin, Campos-Filho, & Moraes, 2004) . Chloride levels did not show any significant changes in fish submitted to mechanical transport stimuli. The mean chloride contents were lower (p > 0.05) when compared to the control group (117.20±26.34 mmol L -1 ).
The amount of magnesium in the plasma of the adults of tilapia before transport showed, on average, 2.63±0.55 mmol L -1 . After the average of three hours of transport, the fish sampled reduced the Mg 2+ ion content, differing statistically (p < 0.05) in relation to the control, reaching 1.68±0.50 mmol L -1 . Indicating that the animals could not maintain the initial homeostasis. Iversen et al. (2009) submitted salmon salmon, with a mean weight of 71.8 g to the transport, also observed that immediately after the imposed challenge, there was a significant increase in fish plasma magnesium compared to the control group (before transport).
There was a significant increase ( Nagata et al. (2009) 27 to 33 g dL -1 in tilapia. This increase suggests that the tilapias sought to adapt to the adverse situations of high densities and expense. According to other authors, biological, physiological, behavioral and environmental factors may influence the variation of hematological parameters, such as the hemoglobin level, since there is a correlation between both, Medium Corpuscular Volume and Hemoglobin. These parameters are related to fish activity and habitat, as well as nutritional characteristics (Azevedo et al. 2016) .
Hemoglobin, the respiratory pigment of erythrocytes, has the function of transporting O 2 and part of CO 2 into the blood (Ranzani-Paiva & Silva-Souza, 2004) . Hemoglobin exhibits differences still in relation to its buffering capacity and variations in oxygen affinity (Val et al., 1996) . Paiva et al. (2000) determined 7.3 to 9.7 g dL -1 for migratory species and other authors recorded 6.6 g dL -1 and 13 g dL -1 for other species (Azevedo et al., 2016) .
Although the values found before and after the transport were within the expected values for the species, the hemoglobin concentration presented a significant reduction (p < 0.05) after the environmental challenge presented, vibrations and mechanical shocks. The erythropoietic activities related to the number of erythrocytes, hemoglobin concentration and Mean Corpuscular Volume (GV) are indicators of the capacity of oxygen transport, hypoxia, exercise, induced stress, reproductive stage and seasonal variations . Therefore, any deficiency in the number of erythrocytes or hemoglobin concentration may reflect a lack of O 2 in the tissues and impair the proper functioning of the cells (Ranzani-Paiva & Silva-Souza, 2004) .
Mean values of erythrocyte numbers (RBC), although not significant (p > 0.05), presented values lower than the control treatment (1.49±0.31 × 10 6 mm -3 ), prior to transport. The mean number of total erythrocytes was similar to the values found by Azevedo et al. (2006) 1.5 × 10 6 μL and lower than Ighwela et al. (2012) 4.3 × 10 6 μL. Red blood cell count (RBC) and hematocrit are tools used to diagnose stressful conditions in fish. Both parameters are studied in an associated way, where the hematocrit represents the concentration of red blood cells per blood volume and is expressed in percentage (Grant, 2015) .
Hematocrit may change due to other causes, such as increased erythropoietic activity of the spleen and the stress kidney, while nutrient deficiency depresses the production of erythrocytes, thrombocytes and leukocytes.
Hematocrit changes through stress cause hemoconcentration or hemodilution; in hemoconcentration may be by the release of erythrocytes by the spleen; in hemodilution the reduction in hematocrit values (Silva et al., 2012) .
In the present study, after the transport stimulus, there was a reduction (p < 0.05) when compared to the control group, prior to transportation (27.57±5.01%). The percentage of hematocrit is the index that presents the lowest variation among tilapia, remaining between 25.6 and 33.7%. Due to the fact that hematocrit is the index of erythrogram with lower coefficient of variation in O. niloticus, it can be considered an indicator of the actions caused to fish by environmental factors (Lewandowski et al. 2015) . The decrease in hematocrit is associated with chronic stress in fish (Barcellos et al., 2004) . Orji (2005) also mentioned the significant reduction in the hematocrit level of the Nile tilapia (Linnaeus) due to transport stress. The stress of transport and acclimatization to the new environment, such as handling and the moderate and severe physical injuries encountered, are likely to damage the mucous or lime layer surrounding the fish. Under this circumstance, being a freshwater species, it absorbs a large part of the acclimatization water and contributes substantially to the reduction of the hematocrit (Okafor & Achilefu, 2017; Meges et al., 2015) .
Total plasma protein has been frequently used to elucidate the health status and mechanisms of the biological metabolism of animals under environmental stressors (Cheng et al., 2017) , since they have fundamental roles in the physiological and immunological systems and are the main components of serum (Kumar et al., 2005) , its decrease may be indicative of physiological deficiency (Moreira et al., 2015) . Mean plasma protein reference values for healthy tilapia were averaged between 3.0 and 7.7 g dL -1 (Araujo et al., 2015) . According to Table 4 , the total protein concentration in the plasma was not significantly influenced (p > 0.05) in the animals after the vibratory stimulus throughout the experimental period. On the other hand, fish after transport maintained the concentration close to the Control Group level (3.03±1.18 g dL -1 ), dropping to 2.46±0.84 g dL -1 when they were sampled. The organisms obtained lower mean values of total plasma protein concentration, compared to the fish sampled before the vibratory stimuli and below the healthy level for the species. This same behavior was investigated by Eslamloo et al. (2014) by subjecting Carassius auratus to acute stress.
We will discuss below the data related to the vibration signal. After analyzing the signal collected with the dataloggers, a correlation was observed between the speed of the truck and the intensity of the mechanical shocks. We can see that the occurrence of mechanical shocks accompanies the increase in speed (Figure 3 ). The quality of the roads contributes directly to the occurrence of these impacts that are propagated throughout the structure of the truck until the transport boxes arrive. Thus, deformations in the asphalt, holes, spines have effect amplified depending on the speed at which the truck is driven. In general, the strongest mechanical shocks occurred in the X, Z and Y axes, respectively in descending order of intensity.
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